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We have identified a novel 19G antikeratin autoantibod y 
in the serum of a Brazilian pemphigus folia ceus patient 
(Cascas-42) . This antibody is specific for the 59 kD acidic 
murine kera tin and its 56.5 kD human counterpart (Moll 's 
catalogue #10) , and is di stin ct from the pemphigus anti-
body system. 
Antikeratin autoantibodies present in the Cascas-42 serum 
w ere purified by affinity chromatograph y with a 59 kD 
murme keratin-aga rose column (IAP-Cascas-42 antibod-
ies). The specificity of the IAP-Cascas-42 antibodies was 
tested by indirect immunofluorescence and immunoelec-
tron microscopy against epidermal cryosections, trypsin-
dissociated keratinocytes , and epidermal cell cultures. The 
serum was also tes ted with extracts from unlabeled and 
surface 125I-labeled keratinocytes (Iodo-Gen method) by 
immunoblot anal ysis of one- and two-dimensional poly-
acrylamide gel electrophoresis. 
T he IAP-Cascas-42 antibodies bind the intercelJular spaces 
I t is known that sera of pat ients w ith autoimmun e d iseases contain autoantibodies that react w ith co mpo nents of the nucleus, cytoplas mic m atri x, cytoskeleton, and cell m em-brane. Fo r example, the sera of patients with pemphig us vulga ris (PV) and endemic Brazilian pemphig us foliaceus 
(fogo selvagem) contain autoantibodies against an antigen (s) lo-
cated o n th e cell surface of m ammalian squam o us epitheli a [1 ,2]. 
The precise nature of the pemphig us antigen(s) has sti ll no t been 
defined , but it appears to be an epid ermal cell surface glycoprotein 
related to des m osom al co re proteins [3] . Interes ting ly, pass ive 
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of murine epidermis, and the cell surfaces of viable, dis-
sociated murine keratinocytes , as well as murine epidermal 
cells in cultu re by immunofluorescence and immunoelec-
tron microscopy. These autoantibodies did not stain cy-
toplas mic keratins and did not react with parallel human 
epidermal substrates. The Cascas-42 serum identified the 
59 kD murine acidic keratin and its 56. 5 kD human coun-
terpart in epidermal extracts by two-dimensional poly-
acrylamide gel electrophoresis and immunoblot analysis. 
In addition, surface radioiodination of viable murine ke-
ratinocytes selectively labeled the 59 kD keratin sugges ting 
that a domain of this molecule is exposed on the cell surface. 
The 12sI_Jabeled 59 kD kera tin was also recognized by the 
Cascas-42 serum by immunoblotting and autoradiogra-
ph y. These studies suggest that in murine epidermis, the 
59 kD keratin is a transmembrane protein with an extra-
cellular domain recognized by the IAP-Cascas-42 antibod-
ies. J Invest Dermato! 89:287- 295, 1987 
transfer of the autoantibodies from both patients w ith PV and 
fogo selvagem in to neonatal BALBlc mi ce reproduces the epi-
dermal cell-cell detachm ent typi ca l of the human disease [4,5]. 
Autoantibodies directed aga inst interm ediate filaments are also 
frequently detected in the sera of patients with rheumatologic [6] 
an d viral diseases [7-1 0]. Among these, autoantibodies again st 
the m aj o r keratin polypeptides have been found in patients w ith 
rheumato id arthritis [11] , and no rm al hum an indi viduals [1 2] . We 
describe a fogo sel vagem serum (Cascas- 42 scrum) with IgG class 
Abbreviations: 
BMZ: basement membrane zone 
EM: electron microscopy 
FITC: fluorescein isothiocyanate 
lAP: immunoaffinity purified 
ICS: intercellular spaces 
IF: immunofluorescence 
PA GE: polyacrylamide gel electrophoresis 
PBS: phosphate-buffered saline 
PV: pemphigus vulgaris 
SDS: sod ium dodecyl sul fa te 
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autoantibodies th at bind specifica ll y to the 59 kD murine epi-
derm al acidi c kerati'n and its 56.5 kD hum an eq uivalent (Moll 's 
Catalogue #1 0 (1 31), [1 4). A do main of this kera ti n, recognized 
by the immunoa ffinit y purified Cascas-42 ant ibodies (IAP-Cas-
cas-42 antibodies), ma y be exposed on the kerat inocyte surface 
and the epiderm al intercellular spaces (ICS) . 
MATERIALS AND METH ODS 
Sources of Sera The Cascas-42 serum was obtained from a 
patient with class ic clini copatho logic fea tures of fogo selvagem. 
T he indirect immulloAuorescence (IF) titer o f pemphi gus auto-
antibodies in this serum usin g hum an sk in substrate was 320. T hi s 
serum showed no monoclonal spi kes by serum pro tein clectro-
phores is analys is and had no reacti vity aga inst hepati tis-associated 
antigens; tes ts fo r rh eumatoid facto rs and antinuclca r antibodies 
were negati ve. 
Additional sera were obtained fro lll patients with PV (n = 7) 
and fogo sel vagem (n = 18), both kn own to havc autoantibodies 
against epiderm al cell-sur face anti gcns [1 ,21, and pa tients w ith 
bullous pemphi goid (n = 2), known to produ ce autoa ntibod ies 
against epiderm al keratinocyte hcmides moso mes 11 5]. Control 
sera were obtained fro m norm al donors (n = 10) and pati ents 
with skin diseases such as psorias is, ecze ma, and m ycosis fun-
goides (n = 3). 
Thc monocl onal antikeratin antibod y AE l [1 61 was kindl y sup-
plied by Dr. T. T. Sun fro m th e Departm ent of Derm atology, 
N ew Yo rk Uni versity. The AE l monoclonal antibody was used 
to tes t murine epiderm al cell cultures by ind irect IF and fo r iden-
tification o f the 50 kD and 56. 5 kD hu man kerat ins o r their 
murin e-equivalent , the 59 kD and 52 kD keratins by il11muno blot 
analys is. 
Cell and Tissue Substrates Used to Test Sera by Indirect 
Immunofluorescence The sera were tes ted by routine indirect 
IF techniques [1 ,2] against the fo ll owing substrates : (1) cryosec-
ti ons of hum an skin , B ALB/c mouse tongue, and neonatal mouse 
skin . Certain sera were also tes ted aga inst cryosec tions of human 
stomach, large and small intes tine, liver, kidney, as well as eryth-
rocytes and peripheral blood lymphocy tes, (2) trypsin-dissociated 
keratinocytes obtain ed from neonatal and adult BA LB/c mouse 
and hum an skin, (3) keratin ocyte cytoskeletons prepared by se-
quential ex traction of BALB/c keratin ocytes w ith l % T riton X-
100, 0.025% DN ase and 2 M N aC I [151, and (4) 24- and 48-h-
old primary epiderm al cell cul tures fro m neonatal BALB/ c mice. 
The cell cultures were exposed to the antise ra w itho ut fi xa ti on 
as described by Cowin and coll eagues 11 71. afte r fi xa tion with 
cold meth anol as described by Sun and G reen [1 8], or after 1 % 
Triton X-1 00 ex traction o f the mo nolayers as described by Jones 
and associates [1 9]. Epiderm al cell cultures w hi ch showed surface-
bound autoantibodies by indirect IF we re also ex tracted w ith 
Triton X- l 00 before or after the addition o f the second Auo rescein 
isothiocyanate (FITC)-co nju ga ted antihuman IgG. 
FITC-conju ga ted goat antihuman IgG (o r antihuman IgM and 
Ig A) and FITC-conjugated goat anti mo use IgG were used (Ca ppel 
Laboratories, Cochranville, Pennsylvania). Coded slides were read 
using a Zeiss Auorescent mi croscope equipped with epiAuo res-
cence. 
Epidermal Cell Cultures Fibroblast-free keratin ocy tes we re 
obtained by trypsiniza tion of neonata l BA LB /c mice skin fo llow-
in g procedures described by Marcelo and coworkers [20]. Ke-
ratin ocy tes (4.0 X 105 in a volume of 1 ml) were seeded in Leigh-
ton tubes containing nonAu orescent coverslips fo r IF studies and 
pl as tic coverslips fo r electron mi croscopy (E M) and immuno-EM 
procedures . The cultures were incubated at 37"C in a humid at-
mos phere w ith 5% CO2 and 95% air. Foll owing this culture 
technique, approximatel y 60- 70% of the epiderm al keratinocy tes 
will attach to the plas tic substrate at 24 h , spread , and pro li fe rate 
\20]. At 48 h, the epiderm al cultures attain conflu ency and show 
2-3 laye rs of stratifi cation [20]. Ce rtain epidermal cell cultures 
were trea ted with colchi cine (40 m g/ ml) and cytochalasin D (0 .5 
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mg/ ml) 12 11 added one h befo re removing th e mo nolayers for 
fur ther stud ies . 
L abeling of Murine Epidermal Keratinocyte Surface Pro-
teins With 1251 by the Iodo-Gen Method M urine epiderm al 
kera tinocytes we re extensively was hed with cold Hank 's balanced 
sa lt solutio n and rcsuspend ed to a 5 ml vo lume (90-95% viablli ty 
by th e trypan blue assay) containing approx im ately 6 X 107 viable 
cell s. Scintillation gla ss vials we re coated w ith lodo-Gen (Pierce 
C hemical Company, Hock fo rd , Illino is) as described by others 
122,231. Prio r to use, th e vials were washed with Hank 's sollltlon 
to remove lodo-Gen flakes, and the keratinocyte suspension added . 
N ext, 2 mC i N al251 (A mers ham , Arlin gto n Heights, Illinois) di-
lu ted in 100 ml of Hank 's solutio n were added to the vials con-
ta ining the cell s and swirled gentl y at 4°C fo r 30 min . T he .ra-
diola beled cells were was hed several tim es in co ld Hank 's solution 
and th e fi nal cell pell et was used fo r ex trac tio n procedures. 
Total and Sequential Extraction of Human and Murine Ep-
idermis and Cells Pieces of sk in 1-3 inches squ are fro 111 hum an 
surgica l specimens o r neonatal B ALB/c mi ce were incubated In 
saline at 56°C fo r 30 s, after w hi ch th e epidermis was easll y 
removed [24]. Hi stologic exa min atio n o f th e epiderm al sheet by 
light microscopy revealed absence or' derm al remn ants. The ep-
ide rmis or th e di ssociated epiderm al cell pellets were ex tracted 
by 2 methods as described by Labib et al [25 1. First, tota l extracts 
of epider mis or cell pellets we re prepa red by ho mogel1lza non 
using 1 ml of 1 % sodium dodecy l su lfa te (SDS) containing 5% 
beta-merca ptoe th anol and th e fo llowin g protease inhibi tors : 2 mM 
phenylmeth ylsulfonyl flu oride, 10 m M ethylene d iamine tetra-
ceta te, and 0.01 mg/ ml of each of th e fo llowing inhibi tors: pep-
statin , anripain , leupeptin , and chymostatin (Sigma C hemical Co. , 
St. Lo uis, Missouri ). Ex trac ts were then boil ed fo r 3 min in a 
wa ter bath , followed by celltri fugati on and the supernatant wa 
frozen at -70°C until electro plro res is. Second, epidermis or cells 
were sequentiall y ex tracted w ith 1 % Tri ton X-I 00 (mem-
brane/cytosol frac ti on), 2 M N aCI (sa lt fractio n), and the final 
pellet was solubilized with 1 % SDS and 5% beta-mercaptoe thanol 
(cy toskeleton frac tion). All proced ures were ca rried out at 4°C 
and using pro tease inhi bito rs. In divid ual frac ti ons were frozen at 
-70°C un til use. 
Extraction of Human and Murine Keratins Keratins were 
extrac ted fr0 111 epidermis by the procedure described by Eichner 
and coll eagues 126"1. Briefl y, fresh human or murine hea t-sep~­
rated epiderm al sheets were ho mogenized at 4°C in 25 mM Tn 
HC I containing 1 % triton , following the procedure described in 
th e previous section and using the sam e protease inhibi tors. The 
insoluble keratin s were washed once w ith the sa me buffer and 
twice w ith 2 M N aCI. After centrifu gati on at 10,000g fo r 10 min 
at 4°C, the keratins were solubilized w ith 25 m M Tris H C I con-
ta in ing 9.5 M urea in th e absence of reducing agents. D ry, in-
soluble keratins were prepared fro m human and murine epidermal 
keratins extrac ted as above by dialys is aga inst distilled H20 and 
Iyoph yliza tion. 
One- and Two-Dimensional SDS-Polyacrylamide G el 
Electrophoresis (PAGE) Samples in preparation fo r electro-
phores is were boiled for 3 min in a wa ter bath . O ne-dimensional 
SDS-PA GE was performed as described by Lae l11mli and Fa rc 
[27J. The acrylamide concentration was "10% and the ratio of 
acrylamide to bi s- acrylamide was 1 :60 in the separatin g or lower 
gel. Two-d imensional gel electrophoresis in which the first di-
mcnsio nal separati on was done by nonequilibrium pH grad ient 
was perfo rmed as described by O'Farrell and co lleagues [28,29] 
using ampholines in the range fro m pH 3.5-1 0. Fo r mo lecular 
weight stand ardiza tion , a rat hea rt ho mogenate was prepared a 
described by Giomctti et al [301 and calibrated aga inst the com-
mcrciall y avail abl e mo lecular weight standard mi xture (Bio-Rad. 
Ri chm ond , Cali fo rni a). Pro tein bands were revea led by C00111-
ass ie brillianr blue R-250 staining . Destained gels were fi xed in 
3% glycero ll1 % ace tic acid and photographed. 
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Gels containing radioiodinated fractions were dried and ex-
posed to Kodak X-Omat R (XR-s) film (Kodak Co, Rochester, 
~ew York) using intensifyin g screens (Dupont C ron ex Li ght-
nmg-Plus screens mounted in Picker Atlas Cassettes, Fa lls C hurch, 
Virgini a), for 24-48 h at -70°C to o btain autorad iograms of the 
labeled proteins. 
Irnrnunoblotting Proteins from unstained SDS-PAGE slab gels 
a~d two-dimensional gels were transferred elcctrophoretica ll y onto 
I1Itrocellulose sheets (Mi llipore Corp ., B edford , Massachusetts) 
usmg the Trans-Blot Cell (B io-Rad) as described by Towbin and 
associates [311. To reveal the protein bands o r spots, the blo ts 
were stained with 0. 1 % solutio n of Fast g reen in 10% meth ano l, 
5% acetic acid fo r 5 min , and rinsed w ith wa ter. 
For immuno peroxidase detection of the bo und autoa ntibod ies, 
the strips were incubated for 1 h at 3rC w ith 3% bovi ne serum 
al bumin, followed by 3 h incubation at 37°C w ith a 1:1 00 o r 
1 :200 dilution of the test sera (or the murin e AEI m onoclonal 
antikeratin antibo dy) in 3% bovine serum albumin in washing 
buffer (10 mM Tris H C I, 0.15 M N aCI, 0.5% N onidet P-40, pH 
7.6). After washing for 1 h in 6 changes of the washing buffer, 
each strip was in cubated for 1 h at 37°C with a 1 :500 dilutio n of 
an anti human (or antimouse) IgG (H and L chain specifi c) per-
oXlda.se-conju gated goa t IgG fraction (Cappel Laboratories) in 
washmg buffer. Finall y, the strips were washed w ith 4 chan ges 
of washin g buffer fo ll owed by 2 changes of 50 mM Tris H C I, pH 
7 .6 at room temperature and in cubated with a fres hl y prepa red 
solution of3,3'-diamino benzidine-HC I (0.05 mg/ml) and 0.01% 
H 20 2 in 50 mM Tris HCI , pH 7.6 for 3-20 min fo llowed by 
rinsing w ith water and dryin g. 
Dry nitrocellulose sheets of immuno blots obtained from ra-
dioiodinated epidermal pro teins were also exposed to Kodak film 
at -70°C (see previous section) to obtain autoradi ograms of the 
labeled proteins reac ting with the anti keratin antibodi es. 
Absorption of the Cascas-42 Serum With Cells and Murine 
or Human Keratins Aliquo ts containing a 1 :20 dilution of the 
Cascas-42 serum were incubated with a simil ar volume of packed 
m urine or human epidermal keratinocytes, murine o r hum an 
ery throcytes, human periph eral blood ly mphocytes (buffy coa t), 
or lyophyli zed murine and hum an keratins (10 mg/ml) at 3rC 
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for 1 h. The cells (or keratin s) were separated b y centrifugation 
and the supern atants tes ted by indirect IF. 
Purification of the 59 kD Murine Epidermal Keratin and 
Immunoadsorption of the Cascas-42 Antikeratin Autoanti-
bodies Murine epidermal keratin s extracted from epiderma l 
sheets were fract ionated b y ion exchange chrom atog raphy on 
DEAE- cellu lose equ ilib rated with 0.025 M Tris H C I containing 
8.5 M urea at pH 8.2 (starting buffer) [32]. The epiderma l keratin s 
extracted with 9.5 M urea were dialyzed against startin g buffer 
and applied to the column. Bound fractions were released w ith 
a linear sa lt g radient of s tarting buffer and 0.2 M KCI in startin g 
buffer at pH 8.2. The protein peaks were determined by optical 
density at 280 nm and the unbound and bound keratin fra ctions 
were pooled. The protein co mpo nents from each fraction were 
tested by PAGE and immunoblot anal ys is usin g the AEl m ono-
clo nal antikeratin antibodies. 
One milli gram of th e 59 kD keratin that eluted in the linear 
gradient as a sin g le peak (see ResulTS) was covalentl y lin ked to 
C NBr-act iva ted aga rose (Pharmacia Fine C hemica ls, Piscataway, 
N ew Jersey) as described by o thers [33] and was hed extensively 
with 2 M KI and phosphate-buffered saline (PBS). 
The binding capacity of the affinity column w as tested by pass-
ing the Cascas-42 serum at different volumes and dilutions . Bound 
antibodies (IAP-Casc3s-42 antibodies) were eluted with 2M KI. 
The unbound fraction (fa ll through) and the IAP-Cascas-42 an-
tibodies were pooled , dial yzed against PBS and concentrated by 
ultrafiltrati on (Amicon , Danvers, Massachusetts). 
Transmission Electron Microscopy and Immunoelectron 
Microscopy Murine epidermal cells were grown on formvar-
coa ted g rids for 48 h, treated w ith the IAP-Cascas-42 antibod ies 
and the FITC-conjugated antihuman IgG. The cultures were washed 
with PBS, ex tra cted with 0.5% Triton X -1 00, and observed und er 
a fluorescent microscope. After photographing , the cells were 
fi xed w ith 2.5% g lutaraldehyde, postfi xed with os mium tet raox-
id e, dehydrated with ascendin g concentratio ns of alcohol, criti cal-
point dried , and exa mined by transmission E M OEM-I 00S, Joel 
Ltd . , Tokyo, J apan). Thus the immunofluorescent findings were 
corre lated with the ultrastru cture of the cells . 
lmmuno- E M procedures were carri ed o ut on epidermal ke-
Table I. Reactivity of the Cascas-42 Antikeratin Antibody as Compared to Control Sera 
Sources of 
Antigen 
Whole tissue 
Murine skin 
Human skin 
Trypsin-dissociated 
keratinocytes 
Hu man 
M urine 
Cytoskeletons 
Murine keratinocyte cultures 
24-h-old 
48-h-old 
59 kD keratin (mouse) 
56.5 kD keratin (human) 
BMZ = basement membrane zone. 
ICS = epidermal intercellular spaces. 
Control 
Sera 
(n = 13) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
Control 
Bullous 
Pemphigoid 
(n = 2) 
Group of 
Pemphigus 
Sera 
(n = 25) 
Whole 
C 1SG1S-42 
Serum 
(n = I ) 
Indirect ImmunoAuorcsccncc 
BMZ ++ ICS + + ICS + + 
BMZ ++ ICS + + ICS + + 
"Polar Cap " (-) (-) 
" Polar Cap " (-) Surf.lcc + + + 
"Polar Cap " (-) +++ 
(-) Surface Surface 
Granular Fibrillar 
+ +++ 
(-) Surface Surface 
Granular Fibrillar 
+ +++ 
Immunobloc Analys is 
(-) (-) +++ 
( - ) (-) +++ 
Immunoa bsorbed 
Cascas-42 
Serum 
ICS + 
ICS + 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
(-) 
Affinity 
Purified 
Cascas-42 
IgG 
ICS ++ 
(-) 
(-) 
Surf.1Cc + + + 
++ + 
Surface 
Fibrillar 
+ + + 
Surface 
Fibrillar 
+++ 
++ 
++ 
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ra tinocyte suspensions and 48-h-old murine primary epidermal 
cell cul tures as described by Patel et al [34]. Indirect immuno-
EM studies were carried Out on murine skin sections as described 
by Mutasim et al [1 5]. 
RESULTS 
Identification of the Cascas-42 Serum from the Group of 
Pemphigus Vulgaris, Fogo Selvagem, and Control Sera As 
shown in Table I, by indirect IF, all PV and fogo selva gem sera 
bound the ICS of murine and human epidermis [1 ,2] and produced 
a fine granular surface staining of epidermal cells in culture [35,36], 
but did not react wi th murine or human trypsin-dissociated ke-
ratinocytes . N orm al hum an sera and sera from patients with un-
related dermatoses were negative by indirect IF against all sub-
strates tested and bullous pemphigoid sera produced the classical 
basement membrane zone (B MZ) linear stainin g and the polar 
stain ing on dissociated basal cells [15]. 
O ne fogo selvagem serum (Cascas-42) that did not bind tryp-
sin-dissociated human keratinocytes o r human epidermal cyto-
skeletons, however, reac ted strongly wi th murine keratinocytes 
and their cytoskeletons by indirect IF . The Cascas-42 serum also 
reacted w ith murine primary epidermal cell cultures revealing a 
unique surface staining pattern of " microspikes" as described later. 
In an attempt to defme the epidermal antigenic moiety involved 
the serum was analyzed by immunoadsorption. The reactivity of 
the serum was abolished by abso rbing it with murine keratino-
cytes, lyophylized murine epidermal keratins, or by affinity chro-
matography using a murine 59 kD keratin-agarose column as 
described later. Trypsin-dissociated human keratinocytes or ly-
ophylized human keratins as well as erythrocytes or peripheral 
blood lym phocytes were ineffective in adsorbin g the reactivity 
of this serum. 
Defining the Specificity of the Cascas-42 Serum for the 59 
kD Keratin by Immunoblot Analysis By one-dim ensional 
PAGE and immunoblotting, the Cascas-42 serum stained a single 
keratin ba!1d in both murine and human epiderm al extracts which 
corresponded precisely to the 59 kD murine keratin or its 56.5 
kD human equi va lent (Fig 1). The AE1 monoclonal antikeratin 
antibody and the Cascas-42 serum stained the same keratin; AEl 
monoclonal an tibody also stained the 52 kD murine or its 50 kD 
human equivalent (Fig 1) . Two-dimensional PAGE analysis of 
murine kera tins followed by immunoblotting with the Cascas-
42 serum confmned the staining of the 59 kD acidic keratin (Fig 
2, lop and center panels). N one of the other test and control sera 
stained any of the above keratins. Two bullous pemphigoid sera 
reacted w ith high-molecular-weight bands corresponding to th e 
bull ous pem.phi goid an ti gens as reported previously [37]. 
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Immunoaffinity Purification of the Cascas-42 Anti-59 kD 
Keratin Autoantibodies In prepara tion fo r immunoadsorp-
tion, we first purified the 59 kD murine keratin by DEAE-cel-
lulose chromatography and then linked it to C NBr-activated aga-
rose. As shown in Fig 3 (bollom) , the acidic and basic mur~ne 
keratins were separated into discrete peaks. The 65-67 kD keratins 
eluted first in the gradient (F-J) and the 59/52 kD later (F-IJ). 
The m ajor component of F-II was the 59 kD keratin that reacted 
strongly w ith the Cascas-42 serum and the AEl monoclonal an-
tikeratin antibody; the 52 kD keratin was a mino r contamll1ant 
of this peak and it was detected onl y by the AE1 monoclonal 
antibody (Fig 3, top). 
When the F-II fraction containing the 59 kD keratin was cou-
pled to C NBr-activa ted agarose it was efficient in removing all 
antikeratin autoantibodies from Cascas-42 serum . The IAP-Cas-
cas-42 an tibodies continued reacting wi th the 59 kD murine ker-
atin by immunoblot analysis. T he "absorbed" Cascas-42 serum 
became negative in its reactivity w ith dissociated murine kerat-
inocytes and murine epidermal cell cultures (Table I) . It continued 
to react with the ICS of murine and human epidermis, however, 
presumably representing the pemphigus autoantibody system that 
was not retained by the column. 
Immunoaffinity Purified Cascas-42 Anti-59 kD Keratin 
Autoantibodies Bind Murine Keratinocyte Surfaces By in-
direct IF the IAP-Cascas-42 antibodies stained trypsin-dissociated 
murine keratinocytes (Fig 4A,B), murine epiderm al cell cul tures 
(Fig 4C), and the ICS of murine epidermis. T hey did no t bind 
the ICS of human epidermis (Fig 5A,B) and other human tissues 
(liver, kidney, stomach, bowel) , however. The positive reactiviry 
was completely abolished by preincubation of these an tibodies 
with purified murine 59 kD keratin. 
By indirect IF the IAP-Cascas-42 antibodies bound strongly to 
dissociated murine keratinocytes producing a peripheral rim of 
staining in some cells (Fi g 4A), or staining a peripheral system 
of fibri ls around other cells (Fig 4B) . The positive staining was 
observed with either viable keratinocytes in suspension or non-
viable cells attached to glass slides by cytospin centrifugation. 
These an tibodies also bound to the periphery of the murine epi-
dermal keratinocy te cytoskeletons. 
Unfi xed primary epiderm al cell cultures at 24 and 48 h reacted 
with the IAP-Cascas-42 antibodies, producing a coarse granular 
appearance on the cell surfaces and decorating a system of mi-
crospikes around the cell periphery. The " micros pikes" projected 
from individual cells toward the extracellular spaces where the 
appeared to interconnect with similar structures of neighboring 
cells, forming a complex network (Fig 4C). The addi tion of col-
chicine and cytochalas in D to the cultured cells produced retrac-
tion and w idening of the ICS which intensified cell-cell micro-
A 1 234 A 1 2 3 4 A 1 2 3 4 
Figure 1. Immunoblot analysis of epider-
mal proteins separated by 50S-PAGE. 
transferred to njtrocellulose paper, and tested 
with normal human serum (NHS). a mouse 
monoclonal antibody AEI and the Cascas-
42 se rum . Lalle A: rat heart homogenate 
(standard); lalle 1: to tal 50S ex tract from 
human epidermis; lane 2: human keratin; IQl/e 
3: tota l SOS ex tract from murine epidermis; 
and la,.,e 4: murine keratins. The AEI mono-
clonal antibody recognizes the 59 kO/52 kO 
murine keratins and the 56.5 kO/50 kO hu-
man keratin equivalents. w hereas the Cas-
cas-42 serum recognizes only the 59 kO and 
its 56.5 kO hum an-equi va lent keratin . 
NHS AE1 
........ -~-59K 
CASCAS42 
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Figure 2. Two-dimensional polyacrylamide gel electrophoresis (20-
PAGE), immunoblot and autoradiographic analysis of the to tal ex tract 
from freshl y trypsinized, surface iodinated neonatal DALBl c kerafino-
eytes. Direction of isoelectri c focusing is fro m left to right; di rection o f 
second dimension electrophores is in the presence of SDS is fro m top to 
bottom. A, 59 and 52 kD acidic keratins separated by 2D-PAGE and 
stained with Coomassie blue. B, Immunoblot ting of parallel gel shown 
in pallel A detects the 59 kD acidic keratin using Cascas-42 (anti-59 kD 
kera tin) serum . C, Autoradiogram of the immunoblot shown in B. N ote 
the 59 kD acidic keratin is heav il y radiolabeled. 
I I 
spikes. The IAP-Cascas-42 antibodies did not produce unstained 
banding patterns corresponding to the desmosomal core regions 
in e piderm al cells sharing these microspikes [1 9]. 
U ltras tructural exa mination of cells g rown on formvar-coa ted 
grids revealed a system of microspikes and pseudopodia at the 
cell periphery (Fig 6). Interm ediate fil aments bundles were shown 
to radiate from the perinuclear regions toward the cell surface, 
ending in the " microspikes" and pseudopodi a. Comparison of 
the indirect IF and the ultras tructural findin gs suggests that the 
microspikes stained by the IAP-Cascas-42 antibodies are corre-
spondent. 
EXTRACELLULAR KERATIN DOMA IN 291 
Immuno-EM exa mination of dissociated epiderm al cells and 
epiderm al cell cul tures revealed th at the IA P-Cascas-42 an ti bodies 
selecti vely bound anti gens located on the cell sur face. T hese re-
sults are clea rl y shown in (Fig 7A). In add ition, IAP-Cascas-42 
antibodies bound the ICS of murine epidermis w ithout pred ilec-
tion for des moso mal stru ctures . This is demonstrated by the dif-
fu se deposition of immunoreactants in the ICS of murine epi-
dermis, as seen in Fig 7 B. 
Characteristics of the Surface IF Staining Produced by the 
Immunoaffinity Purified Cascas-42 Anti-59 kD Keratin 
Autoantibodies on Murine Keratinocyte Cultures T he m i-
crospikes detected in murine epidermal cell cultures were seen as 
ea rl y as 1 h after pl atin g. The few cells that had attached to the 
Petri dish by this tim e, d isplayed long mi crosp ikes spreading from 
the cell periphery along the substrate, produ cing spider-like stru c-
tures . It appea rs ~ha t the peripheral fibril s observed on the surface 
of trypsin-dissociated keratin ocy tes unfold onto th e substratum 
as the cells attach and spread. The exact relationship between cell 
surface fibril s on dissociated cells and the " micros pi kes" seen in 
cell cultures is unknown, but our data suggest th at th ey are the 
sa me. 
T he morphology of the mi crospike netwo rk disclosed by the 
IAP-Cascas-42 antibodies in murine ep iderm al cell cultures was 
altered by incubatin g the cu ltures w ith th e antibodies fo r I h at 
3rC. Under these conditions th e mi cros pikes retrac ted. T he in-
tensi ty o f staining and the micros pike morphology was also al-
tered by methanol/acetone fixa tion o r extraction of the monolayer 
with Tri ton X-I 00 before addition of the an tiserum . Under these 
conditions, the micros pikes stained weakl y and appea red agglu-
tinated on the cell periphery. In cultures incuba ted with the IAP-
Cascas-42 antibodies first, followed by extraction wi th T riton 
X-I 00 and trea tm ent wi th FITC-antihuman IgG serum , the mi-
crospike network was cl ea rl y demonstrated. By contras t, the AEI 
monoclonal antikeratin antibody did no t stain unfi xed epidermal 
cell cultures. However, after fixa tion w ith methanol/acetone the 
intracellular keratin netwo rk was easil y observed, as described by 
Sun and collabo rato rs [1 6, 18]. 
Surface Radioiodination of Viable Murine Keratinocytes 
Selectively Labels the 59 kD Keratin Which Is Also Rec-
ognized by the Cascas-42 Serum Radioiod ination of proteins 
exposed on the cell surface of viable murine epiderm al cells re-
sulted in reprod ucible autoradiog ram profi les by one- and two-
dimcnsional SDS-PAGE analysis of ccll extracts as shown in Fig 
2. T he cytoskeleton fracti on contained a single, heavil y labcled 
59 kD kcratin. The Triton X-1 00 extrac t (membrane/cytosol frac-
tion) contained onl y weakl y detected po lypeptides, and no labeled 
proteins were fo und in the 2 M N aC l cx trac t (sa lt fraction). T he 
radiolabeled 59 kD keratin present in the to tal and cy toskelctal 
fractions ofth esc cells was also recognized by the Cascas-42 serum 
by immunoblot analysis as shown in Fig 2 (Wiler al/l/ bollol/! pal/cis). 
DISC U SSIO N 
The sera of patients w ith auto immune discases frequentl y conta in 
autoantibodies against di ffercnt cy toskeletal structurcs such as 
microfil aments, microtubules, intcrmedi ate fi lamcnts, as well as 
their associated pro teins [7]. The maj o rity of these autoantibodies 
show some degree of cross-reacti vity w ith other cytoskeletal pro-
teins [38,39] or with fo rci gn anti gens such as viruses 140]. Au to-
antibodies to keratins, howeve r, do no t recogni ze indi vidual ker-
atin polypeptides, but usuall y bind with 2 or 3 individual keratin 
po lypeptides [11 ,12]. The relevance of the anti cytoskelctal auto-
antibodies to th e pathogenesis o f these diseases remains unclear. 
While screening a large number of sera from patients w ith PV, 
fogo seJvagem , and normal indi viduals by indirect IF aga inst 
trypsin-dissociated murine and human epidermal cells, we iden-
tified the Cascas-42 serum , which contained IgG autoa lltibodies 
that reacted strongly wi th trypsin-di ssociated murin c keratino-
cytes, but not w ith human epiderm al cells. O ne- and two-di-
mensional immunoblots of epidermal extracts from murine and 
292 D IA Z ET AL 
0.16 
0.14 
0.12 
o 0.10 
CD 
C\l 
<{ 0.08 
0.0 
0.04 
0.02 
FT 
... 
z 
'" Zi ~ 
T HE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
IF-I F-II F-I F-II 
6!S K. 
59K. .. 
-
52K· 
+-F-III-' 
CB AE-I 10,000 1: BLOT ~ 
:T 
F-U 0 CII 
• 
• • 
• 
F-I • 5,000 
• 
• 
• 
• 
• 
Figure 3. Fractionation of murine epiderm al kerati ns 
by OEAE-cellulose chromatog raphy (bo ttO/II ). The basic 
(F-I) and acidic (F-II ) keratins were released from the 
column by a linear gradient of sta rting bu ffe r (0 .025 
M T ri s HC I containin g 8.5 M urea, pH 8.2) and 0 .2 M 
KC I in sta rting buffer. The unbo und fraction (FT) and 
F-II1 fra ction conta ined pep tidcs w hich were unreac-
tive w ith either the Cascas- 42 or the AEI monoclonal 
antibody by immunoblotting. The 101' pnllel represents 
murine epidermal kera tins from the different cluo-
matog raphic frac tions ana lyzed by SOS-PA GE and 
stained wi th Coomassie blue (CB) or tes ted by im-
munoblo tting using the AE1 monoclonal antibody (AE-
1 BLOT): Lnlle I conta ins the un fractionated keratins 
(CB); Inlles F· / and F- ll contain the basic and acid ic 
keratins, respectively (CB). The maj o r component of 
F-II was the 59 kO keratin w hich stained heavi ly w ith 
cn and by immuno blotting w ith the AE-I BLOT. F-
II also contain ed a minor contaminant, the 52 kO ker-
atin , detec ted o nl y by immunoblo tting w ith the AE-
1 BLOT. Fraction F- II was bound to CNB r-acti va ted 
agarose and used to immunoadsorb the anti keratin 
autoantibodies present in the Cascas-42 se rum . 
•••••• • • ••••• 
hum an epidermi s, and keratin s extracted from these tissues dem-
onstrated that the on ly sera w hich bo und specifi ca ll y to the 59 
kD murin e keratin we re the Caseas-42 serum and AEl mo no-
clonal antibod y. The latter , however, also reacted w ith the 52 
kD murine and the 50 kD hum an keratin s. The 59 kD murine 
keratin was purifIed by DEAE-cellulose chro m atog raph y and im-
m obili zed on C NBr-act ivated aga rose. The keratin-agarose gel 
was effective in removin g the antike ratin au toantibodies fro m the 
Cascas-42 serum . T he IAP-Cascas-42 antibodies were still capable 
of binding to th e 59 kD murine keratin and stain ed murine ke-
ratin ocy tes (trypsin-dissociated or cultured) by indirect IF. 
T he posi tive stainin g seen in unfi xed murine keratin ocyte cul-
tures treated w ith IAP-Cascas-42 antibodies and FITC -antihulll an 
IgG was no t abo lished by extractin g the stained Ill ono layers with 
Triton X-100, indica tin g that the autoantibodies were bound to 
the cy toskeleton or to a cytoskeleto n-associated antigen . T he IAP-
Cascas-42 antibodies did no t stain cy to plas mic o r perinu clear fi-
Figure 4. Indirect immunofluo rescence (IF) 
sta inin g of trypsin-dissociated murine ke-
ratinocy tes by the IAP-Cascas-42 antibod-
ies. (A) A group o f keratipocytes showing 
a " rim " pattern of staining. X 650. (8) Other 
keratin ocytes showing a network of surface 
"fibrils." X 650. (C) Indirect IF staining of 
unfi xed, 48-h BALB/c murine prim ary epi-
dermal cell cultures treated w ith colchicine 
and cytochalasin 0 fo llowed by the IAP-
Cascas-42 antibodies . The cells show cel-
lular retraction and w idening of the ICS. 
The periphery of the cell s is surrounded by 
" microspikes" w hich extend from indiv id-
ual ce lls toward the substrate o r the periph-
ery of other cells . X 650. 
20 40 60 80 100 120 140 ,160 
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bers, as is seen w hen epitheli al cells are treated with colchi-
cine/cytochalas in and ex posed to other antikeratin or antivimentin 
antibodies 11 6, 18,41- 42]. In contras t , the AEl m onoclonal an-
tibody did not bind unfI xed murin e cell cultures, and strongly 
sta·ined th e intracellular keratin network when the cultures were 
fixed w ith m ethano l/acetone. These indirect IF findin gs suggest 
that the IAP-Cascas-42 antibod ies and the AE1 monoclonal an-
tibody recogni ze different epitopes on the 59 kD keratin molecule, 
i.e., a cell surface and a cytoplas mi c epitope, respectively. These 
IF findin gs also suggest that th e bulk of the 59 kD keratin i 
cytoplas mi c (AE1-positive), and onl y a sm all portion o f the mol-
ecule is exposed o n the cell surface (Cascas-42- positive). Studie 
arc in progress to confirm thi s findin g. 
The IA P-Cascas-42 antibodies recogni zed the human 56.5 kD 
human keratin by immunob lo ttin g but did not react with trypsin-
dissociated human keratinocytes, hum an cu ltured keratin ocy tes, 
or with the ICS of human epidermis. These findings sugges t that 
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the anti geni c site recogni zed by the antikcratin autoantibodies is 
hiddcn in intact human epidermis o r trypsinized hum an epidermal 
cells. Denaturation due to SDS-PAGE and immunoblo ttin g m ay 
expose the epito pe o n the hum an 56.5 kD keratin , which ca n 
then react with th e autoa ntibod ies 141 J. Diffen:nces in the binding 
of thc Cascas-42 autoa ntibod ies to trypsin-dissociated murine and 
h uman epiderm al cells by indirect IF ma y suggest impo rtant dif-
ferences ill the 59 kD murin e keratin and its 56.5 kD hUll1an-
equiva lent in rega rd to tryps in sensit ivity or cell surface expres-
sion . Further studies are needed to defin e this obse rva ti on. 
The evidence that the IA P-Cascas-42 antibodies bind a surface 
Figure 6. Electron micrograph of 48-h mllrine keratinocytcs in culture 
showing the " mi crospikes." C ultures were first treated with the IAP-
Cascas-42 antibodies fo llowed by FITC-antihuman IgG and examined 
under the fluorescent microscope. Then, they were extracted with Triton 
X-100, criti ca ll y point dried and processed for EM . The " microspikc" 
sys tem decorated by the IAP-Cascas-42 antibodies by indirect IF co rre-
sponded to same structures seen by E M . Epithelial cells which detached 
from the monola yer left microspike remnants (righ' "ppa com er) , were 
also detected by indirect IF. Bnr = 5 J.Lm . 
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Figure 5. Binding of the IAP-Cascas-42 anti-
bodies to the ICS of murine tongue epithelium 
(A) and to norm al human skin (B). T he IC S of 
murine squaIllous epithelium is decorated by 
the ant i keratin autoantibodies prod ucin g a pat-
tern similar to that prod uced by pcmphigus 
autoantibodies. The antikeratin autoantibodies 
did not bind thc ICS of human epidermis. A 
and B. x 650. 
dom ain of the 59 kD murin e keratin has been obtained by 3 
meth ods: (a) IF microscopy . (b) immuno-EM studies, and (c) 
ex tern al radioiodination , sequential ce ll ex tra ction, and immu-
noblottin g of the labeled antigens w ith the Cascas-42 serum. Us-
in g in di rect I F procedures. the whole Cascas-42 se rum and the 
IA P-Cascas-42 antibo dies bound the ce lI surface of trypsin-dis-
sociated murine keratin ocy tes and decorated a cell surfa ce mi-
cros pike system in ce ll cultures . The ant ikeratin autoantibod ies 
also bound the epiderm al ICS of murine skin cryosection s resem-
bling th e stainin g produced by pemphig us autoantibodies. The 
bind in g of IAP-Cascas-42 antibod ies to th e keratinocyte surfa ce 
was also demonstrated by direct and indirect immuno-EM ex-
alllinatio n o f dissociated epidermal cells, ep idermal cell cultures. 
and Jl1urine skin cryosections. In all of these studies th e iJ11ll1u-
norea ctants we re located on the cell surfa ce; there was no binding 
o f intracellular fibers or desm oso mal stru ctures. 
Externa l rad io iodinatio n o f trypsini zed viab le murine kerat-
inocy tes excl usivel y labeled rhe 59 kD keratin. Presum abl y, the 
lack of labeling o f o ther membrane proteins in th is preparation 
was due to the effect o f trypsinization immedi atel y prior to la-
belin g. B y immunoblotting, the radiolabeled 59 kD keratin was 
the onl y prote in identifi ed by the Cascas-42 serum. 
The data presented is consistent with our hypothes is th at in 
murine epidermis the 59 kD keratin is a transmembrane protein 
w ith an ex tracellul ar do main. The exposed domains o f the 59 kD 
keratin o f adjacent keratinocy tes ma y interac t with each o ther, o r 
in concert with other molecul es in th e epidermal ICS, formin g 
an "exoskeleton" and providing a means of linkage w ith the 
keratin ocy te cytos keleto n. Thi s "exoskeleton-cytos keleton" may 
fun ctio n as a sca ffo ldin g, providing structural support to the entire 
epidermis. The presence of such an extended cytoskel etal network 
has previously been suggested by several authors [43-461. I t is 
poss ibl e. although unlikel y, that the antibody we describe is cross 
reactive w ith both a cell surface protein and the 59 kD keratin. 
Further work is required to eliminate this possibility. 
In summ ary, we have identified a novel antikeratin auto:ll1ti-
body syste m in thc Cascas-42 se rum. The IAP-Cascas-42 anti-
bodies fro m thi s serum are hi ghl y specifi c for the 59 kD murine 
keratin but also bind the equiv alent 56.5 kD hum an kera tin after 
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Figure 7. Immunoelectron micrograph showing IA P-Cascas-42 anti-
bodies binding to murine kera tinocytes in culture (A ) and the ICS of 
m,urine epidermis (B), T he immunoreactants are detected solely on the 
epiderm al cell surfaces (A) or the ICS (B). T here is no pred ilect ion for 
desmosomal structures or intracellular fdaments. Bars = 1 fLm. 
denaturation in SDS-PAGE. These autoantibodies recognize an 
epito pe on the keratin molecu le that is cxposed on the keratinocyte 
surfacc, 
We Ivo l/ld like 10 ackllowledge Ih e excel/wI Icc/II/ ical assiSlall ce of lvln. He/ell 
Sa llIQ/la, MI'S. Pal/ la BOlliIZ, alld M,.. Marvill Mayo alld Ih e ill vall/able sec-
retarial assistallce of Ms. Celia j arvis. 
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